Objective: To identify independent risk factors, complications and early hospital readmission following total knee arthroplasty. Methods: Using the ACS-NSQIP database, we identified patients who underwent primary TKA from 2012-2015. The primary outcome was early hospital readmission. Patient demographics, preoperative comorbidities, laboratory data, operative characteristics, and postoperative complications were compared between readmitted and non-readmitted patients. Logistic regression identified independent risk factors for 30-day readmission. Results: 137,209 patients underwent TKA; 3.4% were readmitted within 30 days. Advanced age, male sex, black ethnicity, morbid obesity, presence of preoperative comorbidities, high ASA classification, and increased operative time were independently related risk factors. Asian and no reported race were negative risk factors. Postoperative complications: acute myocardial infarction, acute renal failure, stroke, pneumonia, pulmonary embolism, and deep vein thrombosis show positive associations. Conclusions: Advanced age, male sex, black ethnicity, morbid obesity, presence of comorbidities, high ASA classification and long operative time are independent risk factors for postoperative complications and early hospital readmission following total knee arthroplasty. Level of Evidence III, Case control study. 
RESUMO

Objetivo: Identificar fatores de risco independentes, complicações e reinternação precoce após artroplastia total do joelho. Métodos: A partir de banco de dados ACS-NSQIP, identificamos pacientes submetidos à ATJ primária de 2012 a 2015. O desfecho primário foi a reinternação hospitalar precoce. Dados demográficos, comorbidades pré-operatórias, dados laboratoriais, características cirúrgicas e complicações pós-operatórias foram comparadas entre os pacientes reinternados e não reinternados. A regressão logística identificou fatores de risco independentes para a reinternação em 30 dias. Resultados: Foram identificados 137.209 pacientes submetidos à ATJ, sendo que 3,4% foram reinternados no período de 30 dias. A idade avançada, o sexo masculino, a raça negra, a obesidade mórbida, a presença de comorbidades pré-operatórias, a alta classificação ASA e o aumento do tempo cirúrgico foram fatores de risco relacionados independentemente. A raça asiática e as não relatadas foram fatores de risco negativos. As complicações pós-operatórias infarto agudo do miocárdio, insuficiência
INTRODUCTION
Total knee arthroplasty (TKA) is the most common arthroplasty in the United States. 1 The elderly, obese, and those with multiple comorbidities are at increased risk of developing complications, leading to high readmission rates. [2] [3] [4] With increases in these patient factors, complications and readmission rates may continue to rise in patients undergoing TKA. Preoperative comorbidities, like cardiac disease, chronic obstructive pulmonary disease (COPD), diabetes mellitus, and obesity, increase the likelihood of postoperative complications. 3, [5] [6] [7] Demographic factors, such as age, sex, and race, Charlson Comorbidity Index, insurance type, and hospital volume have also shown to be indicators for adverse events and readmission rates. 6, 8 Readmission rates after TKA are under scrutiny in the United States since the implementation of Medicare Hospital Readmission Reduction Program and the second phase of the Patient Protection and Affordable Care Act, which took effect in 2015. Under these policies, hospitals incur financial penalties for readmission rates higher than the national average after TKA. 9 It is therefore crucial to investigate the risk factors leading to readmission to decrease the Medicare burden, prevent hospitals from incurring penalties, and improve patient outcomes. A previous study of all NSQIP-database patients undergoing TKA in 2011 showed that older age, male gender, positive cancer history, elevated blood urea nitrogen (BUN), presence of a bleeding disorder, and high American Society of Anesthesiologists (ASA) score were positive predictors of readmission. 10 With increasing numbers of TKA being performed in a rapidly changing healthcare landscape, it is necessary to update and refine our understanding of factors influencing readmission. The objective of this study was to identify significant, independent risk factors for readmission following TKA using data from the 2012-2015 NSQIP database.
MATERIALS AND METHODS
This study uses de-identified data from public data sets that is not considered Human Subjects Research, and was exempt from review by the Institutional Review Board. Data was obtained from the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP), a large national database of information voluntarily provided by over 300 hospitals in 43 states, from small rural community hospitals to large, urban academic centers.
11 ACS-NSQIP is a validated, risk-adjusted, outcome based program used to measure and improve the quality of surgical care in hospitals. 12 We queried for all patients in the ACS-NSQIP database who underwent TKA between 2012 and 2015. We retrospectively selected only primary TKA with Current Procedural Terminology (CPT) code 27447. We excluded uni-compartmental knee arthroplasty and total knee arthroplasty with patellofemoral arthroplasty. All variables considered in this study were used as mentioned by the NSQIP User Guide, which can be referenced for detailed variable definitions. 13 We followed preoperative laboratory values including total white blood cell (WBC) count, hematocrit, platelets, creatinine, serum albumin, and international normalized ratio (INR). Preoperative comorbidities such as insulin-dependent diabetes mellitus, non-insulin dependent diabetes mellitus, smoking, COPD, current dialysis use, preoperative blood transfusion, open wound, corticosteroid use for chronic conditions, bleeding disorder, sepsis, and several other variables were followed and separated in each group. Operative variables including operative time (incision to dressing application), postoperative stay longer than 24 hours, and number of days from operation to discharge were included. Outcomes were followed for thirty days. All postoperative complications were stratified as medical or surgical (Table 3) by NSQIP clinical reviewers. Medical complications included pneumonia, unplanned intubation, mechanical ventilation for greater than forty-eight hours, acute renal failure, urinary tract infection, stroke or cerebrovascular accident, myocardial infarction (MI), blood transfusion, sepsis or septic shock, and cardiac arrest. Surgical complications included superficial surgical site infection, deep or incisional surgical site infection, organ or space surgical site infection, wound dehiscence, peripheral nerve injury, pulmonary embolism, graft or prosthesis failure, and deep venous thrombosis. Demographic and clinical variables were compared between readmitted and non-readmitted patients using t-and chi-square tests for continuous and categorical variables, respectively. Logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for the association between readmission and the previously mentioned variables. Only variables demonstrating significant unadjusted associations and without significant amounts of missing data, defined as less than 80% data completion, were included in the multivariate analysis. The laboratory variables had extensive missingness and were therefore excluded from the multivariate analysis. Septic shock, sepsis, and deep tissue and organ infection were also excluded from multivariate analysis due to extensive missing data. Due to limited data for individual medical comorbidities, all comorbidities were combined and analyzed. The presence or absence of comorbidity was reported as a single dichotomous variable.
RESULTS
A total of 137,209 patients were included in the study. The overall 30-day readmission rate for patients after primary TKA was 3.4% (4,668 of 137,209 patients). The average age for patients in this study was 66.6 years. Older age, male sex, black race, and higher BMI category were significant (p<0.0001) demographic factors positively associated with readmission ( Table 1 and Table 2 ). Asian and unreported race were significant (p<0.0001) demographic factors negatively associated with readmission ( Table 1 and Table 2 ). For the medical comorbidities, smoking, insulin-dependent vs non-insulin-dependent diabetes, dialysis use, hypertension, congestive heart failure, dyspnea, COPD, bleeding disorder, preoperative open wound and wound infection, as well as corticosteroid use were significantly (p<0.0001) positively associated with readmission. Laboratory values such as elevated WBC count, low hematocrit, low platelets, elevated creatinine, low serum albumin, and elevated INR were also significantly (p<0.0001) positively associated with readmission. Other operative variables, such as increased operation time, use of general anesthesia vs other techniques, and increased time from operation to discharge also demonstrated significant (p<0.0001) positive associations with readmission. All variables shown in Table 3 demonstrated statistically significant (p<0.0001) positive associations with readmission. The overall complication rate among readmitted patients was 58.0% (6,143 of 137,209 patients) compared to 10.4% among non-readmitted patients. Among readmitted patients, 32.4% developed medical complications and 25.6% developed surgical complications. Each year of increasing age (OR, per year: 1.02; 95% CI, 1.02 to 1.03) and black vs white race (OR, black vs white race: 1.24; 95% CI, 1.11 to 1.37) were significant independent positive risk factors for 30-day readmission. Female vs male sex (OR, female vs male: 0.78; 95% CI, 0.73 to 0.83), Asian vs white race (OR, Asian vs white race: 0.62; 95% CI, 0.48 to 0.80), and unknown or unreported vs white race (OR, unreported vs white race: 0.87; 95% CI, 0.78 to 0.96) demonstrated significant protective effects. Morbidly obese patients had significantly higher odds of readmission than overweight patients (OR: 1.20; 95% CI, 1.08 to 1.32). Patients with ASA class 4 had more than twice the odds of being readmitted compared to those with ASA class 2 (OR: 2.06; 95% CI, 1.73 to 2.44). Patients with ASA class 3 also had significantly higher odds of readmission compared to those with ASA class 2 (OR: 1.43; 95% CI, 1.34 to 1.53). Each additional minute of operative time was found to be an independent positive risk factor for readmission (OR per minute: 1.002; 95% CI, 1.002 to 1.003). The presence of one or more preoperative comorbidity was positively associated with readmission compared to patients with no comorbidities (OR: 1.29; 95% CI, 1.25 to 1.34, p<0.0001). (Table 2) All postoperative complications included in the multivariate analysis demonstrated significant independent associations with readmission (Table 3) . Patients who were readmitted had over ten-times the odds of postoperative pneumonia, MI, acute renal failure, stroke, or ventilator use for over 48 hours. Similarly, patients who were readmitted had over ten-times the odds of postoperative superficial surgical site infection, pulmonary embolism, or deep vein thrombosis.
DISCUSSION
The number of TKA being performed across the U.S is increasing, presenting a challenge in a rapidly changing healthcare landscape. Changing patient demographics and regulations creating financial penalties for adverse patient outcomes has created an incentive for scrutiny in this area. A previous study of the ACS-NSQIP database from 2011 found that older age, male gender, positive cancer history, elevated BUN, presence of a bleeding disorder, and high ASA score were shown to be positive predictors of readmission, though, this focused on all joint arthroplasties. 10 However, with TKA being the most common performed arthroplasty along with the availability of multiple years of additional data, it is necessary to update and refine our understanding of factors influencing readmission following TKA. Our analysis of the data from a cohort of 137,209 patients from 2012-2015 found that the 30-day readmission rate following TKA was 3.4%. Many demographic characteristics, preoperative comorbidities, laboratory abnormalities and postoperative complications were associated with higher rates of readmission following TKA. Increasing age, male sex, black race, morbid obesity, presence of one or more comorbidities, postoperative complications, ASA class 3 or 4, and longer operation time demonstrated significant, independent positive associations with 30-day readmission following TKA. Our study's 30-day readmission rate (3.4%) is consistent with existing literature; 30-day readmission rates following TKA have been reported between 2.4% -5.8%. 10, [14] [15] [16] [17] [18] Our study reports a lower 30-day readmission rate compared with Pugely et al's 2011 study of the same NSQIP database (3.4% vs 4.6%), 10 which may suggest that regulatory efforts and risk reduction initiatives in recent years have had a positive effect. This is consistent with an institutional cohort by Keeney et al which showed that introduction of risk reducing initiatives significantly reduced 30-day readmission rates following 17 However, it is also possible that our large sample size was responsible for the differences between our results and the previous study by Pugely et al. Our findings that increasing age, male sex, comorbidities, high BUN and high ASA score are associated with higher rates of readmission are consistent with other studies, 10, 18 although large amounts of missing data points prevented us from identifying BUN as a predictor on multivariate analysis. We identified additional variables as risk factors for 30-day readmission that were not found by Pugely et al, including black versus white race, operative time, morbid obesity, and medical and surgical postoperative complications. D'Apuzzo, et al's 2017 study of 377,705 patients from the Statewide Planning and Research Cooperative System (SPARCS) database reported that black race was associated with increased TKA-specific 30-day readmissions, but not all-cause readmissions, as was the case in our study. Similar to our study D'Apuzzo found that Asian race was significantly negatively associated with all cause 30-day readmission (OR: 0.65; 95% CI, 0.56 to 0.75; p<0.001). 18 However, unreported race was significantly negatively associated with readmissions compared to white race (OR: 0.87, 95%CI, 0.78 to 0.96) in our study, whereas D'Apuzzo reported a significant positive association (OR: 1.62; 95%CI, 1.52 to 1.71). 18 Readmission rate was higher among morbidly obese patients (4.24%, 894 of 21,080 patients) compared to all other BMI categories, and morbid obesity was associated with higher odds of readmission (OR: 1.20; 95%CI, 1.08 to 1.32). Neither Pugely or D'Apuzzo reported that BMI over 35 kg/m 2 or obesity, respectively, were risk factors for all-cause readmission in TKA, though D'Apuzzo did report a positive association between obesity and TKA-specific readmission. 10, 18 In this study, 58% of readmitted patients experienced medical or surgical complications in the postoperative period compared to 10.4% of non-readmitted patients, and multiple medical and surgical complications were positively associated with increased odds of readmission. D'Apuzzo et al also found medical and surgical in-hospital complications to be associated with increased odds of 30-day readmission, although they did not stratify by individual complication type. In our study the largest positive association with readmission among postoperative complications was MI. Readmitted patients had more than 18 times higher odds of experiencing MI than non-readmitted patients. Thus improvements in preventing MI or identifying patients most at risk of developing MI prior to surgery may help decrease readmission. Acute renal failure (Odds Ratio 15.26) and other pulmonary complications (ventilator use, pneumonia, and unplanned intubation) were close behind MI as high magnitude positive risk factors of readmission. While a cardiopulmonary exam and basic renal function panel are staples of the preoperative assessment, our results emphasize the importance of thorough preoperative workup when attempting to reduce hospital readmissions. Many surgeons require a note from the primary care provider before a total knee replacement or that patients demonstrate a certain level of cardiopulmonary fitness prior to surgery. Standardized preoperative assessments and further identification of patients at risk of developing these complications may help reduce readmission after TKA. Postoperative deep venous thrombosis and pulmonary embolism were also high magnitude independent risk factors for readmission (Odds Ratio 16.45 and 10.32, respectively). While the majority of institutions and physicians implement prophylactic pharmacologic anticoagulation in the postoperative period, our findings emphasize the importance of patient education and preventive care to decrease hospital readmissions within 30 days of surgery. Aside from medical and surgical complications, very high ASA class was associated with the highest odds of readmission. Patients with ASA class 4 had more than twice the odds of readmission compared to ASA class 2. Similarly, patients with ASA class 3 had 1.43 times the odds of readmission than ASA class 2 patients. Multiple retrospective studies of individual institutions report similar findings. 16, 19 The ASA classification system is widely utilized and available as a reliable predictor of readmission risk after TKA. Better understanding of risk factors allows the development and implementation of evidence-based interventions aimed at mitigating risks and reducing 30-day readmission rates following TKA. These risk factors for readmission are already being utilized to reduce hospital costs; young patients with low ASA scores and few medical comorbidities are often discharged early (0-2 days) and these early discharges are not associated with increased complications or readmissions. 20 Information from this study can be used to identify and counsel high-risk patients prior to surgery. Continued research and understanding in this area will allow more informed discussion of each patient's individual risks and benefits for undergoing TKA. We hope this information will be used by healthcare providers to improve * Some data points were unrecorded and were therefore unavailable for inclusion in the evaluation. ȣ The value are given as a number of patients, with the percentage in parentheses. ¶ P value from univariate modeling. ¥ The values are given as the odds ratio, with the 95% CI in parentheses. ǂ Logistic regression modeling adjusted for age, sex, race, and presence of one of more preoperative comorbidities, ASA class, and operative time. Not adjusted for concurrent medical or surgical complications.
the anticipation, prevention, and early detection of poor outcomes, leading to reduced cost and improved patient care.
The results of this study should be interpreted in light of certain limitations. Demographically our patient sample was majority female (62.2%) and racially non-diverse. The overwhelming majority of patients were white (78.2%) or unreported (11.5%). Although we used a widely studied, validated database, errors in data entry or misclassifications may have occurred. This may be particularly important in calculated variables, such as BMI, which relies on the accuracy of both height and weight. This study was also limited by significant amounts of missing data in certain variables of interest.
CONCLUSION
This study was successful in identifying new variables associated with early readmission in patients undergoing TKA. Increasing age, male sex, black race, morbid obesity, the presence of preoperative comorbidities, high ASA class and increased operative time were significant positively associated independent risk factors rates following TKA.
